Sea water reverse osmosis (SWRO) brine contains significant quantity of Rb. As an economically valuable metal, extracting Rb using a suitable and selective extraction method would be beneficial.
Sea water reverse osmosis (SWRO) brine contains trace alkali metals that are economically valuable. Presently, much attention has been focused on rubidium (Rb) recovery in view of its high economic potential at 7857 Euros/kg in comparison to other metals such as cesium (Cs), lithium (Li), germanium and indium [1] . Rb is used in specific fields such as fibre optic telecommunication and laser technology [2] . In SWRO brine, Rb is present at low concentrations (0.19 to 0.21 mg/L) with other dominant ions such as sodium (Na), potassium (K), calcium (Ca), magnesium (Mg) and Li in highly saline condition [1, 3] .
Inorganic ion-exchange sorbents are widely used in the extraction of metals found in low concentration due to its high selective sorption capacity in mixed metals solutions [4] . In this to its high selectivity for radioactive Cs removal [6, 9] . K(M)FC with other metal based combinations such as Cu (KCuFC), Zn (KZnFC), Fe (KFeFC) and Ni (KNiFC) have also shown satisfactory results in Cs extraction from nuclear waste [7] [8] [9] . K(M)FC with different metal combinations to increase selective sorption of Rb has not been compared in a single study so far. This information would be useful in identifying a specific K(M)FC with high affinity for Rb.
The practical use of K(M)FC sorbent in fixed-bed sorption systems is challenged due to the occurrence of fine-grained powder of microcrystalline natured K(M)FC sorbent resulting in clogging of bed and decrease in filtration rates. One of the approaches to overcome this limitation is to functionalise/immobilise K(M)FC sorbents on appropriate materials, such as carbon fibrous materials, biosorbent polymers and biopolymers [8, [10] [11] [12] .
Furthermore, desorption of the sorbed Rb is important in determining the degree of recovery of Rb from an encapsulated sorbent. It is worth highlighting that most of the available studies on K(M)FC were focused on retaining radioactive Cs on the sorbent for solid disposal. Thus, desorption was not an essential factor in those studies. Some studies have highlighted Cs and Rb desorption using 0.5 M (up to 3.0 M) KCl, NH 4 Cl and HNO 3 [5, 11, 13] . Upon desorption, Rb would be found mixed with other desorbed ions from K(M)FC and ions derived from the desorbing agent. Thus, subsequent purification process from these unwanted ions is essential to obtain a high quality Rb.
The objectives of this study were to (i) identify a suitable K(M)FC metal combination (Co, Cu, Fe and Ni) for Rb sorption, (ii) characterise and evaluate the performance of encapsulated K(M)FC-PAN beads for Rb sorption under high salinity and in the presence of competing metal ions, (iii) test the practical Rb sorption and desorption performances of K(M)FC-PAN in a fixed-bed column and the sorbent's regeneration capacity for its reuse, and (iv) purify Rb from the desorbed solution.
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Material and methods
Materials

Solutions
Solutions used for making the sorbents include potassium ferrocyanide trihydrate were reported in previous studies [6] [7] [8] [9] . Nitrate salts of metals were used for all the metal sorbent mixtures except for Fe (as per the Prussian blue procedure, ferric chloride was used). The solutions were stirred, followed by centrifuging, washing the residue with DI water based on the different metal combinations of Fe [14] ; Co [9] , Cu [15] ; and Ni [16] .
Particle form K(M)FC
Each K(M)FC mixture was dried for 24 h based on the previous studies (Co-115 ºC, Fe-90 ºC, Ni-70 ºC, and Cu-55 ºC) [9, [14] [15] [16] . The dried granules were ground to a particle size of 0.25 -0.45 mm. This is referred to as particle form K(M)FC.
Bead form K(M)FC (K(M)FC-PAN)
K(M)FC-PAN was prepared with 70 wt% of sorbent loaded on PAN according to the procedure of Moon et al. [17] . 20 g powdered K(M)FC and 0.8 g Tween80 were mixed with 100 mL DMSO. After stirring the solution at 50 °C for 1 h, 8 g PAN was added to the mixed solution and stirred for another 5 h to obtain a homogeneous solution. The mixture was made into spherical 2 mm diameter beads by dropping it into a beaker of MQ water, using a syringe pump with needle. The K(M)FC-PAN beads were washed three times with DI water and oven dried at 60 °C for 24 h. The steps involved in the preparation of the K(M)FC-PAN beads are illustrated in Fig. 1 .
Resorcinol formaldehyde polycondensate resin (RF resin)
RF resin was prepared by polycondensation of formaldehyde with resorcinol. A resorcinol:
formaldehyde:NaOH:H 2 O mole ratio of 1:2.5:1.5:50 was used as per the procedure described by Samanta et al. [18] . The mixture was oven dried at 100 °C for 24 h. The dried RF resin was ground and sieved to 0.25 -0.45 mm particle size. It was then converted to an acid form (H form) by using HCl, followed by filtration and air drying of the residue.
Sorbent characterisation
Mineralisation analysis
Samples (0.05 g) of particle form K(M)FC as well as original and column regenerated K(M)FC-PAN were decomposed in 1 mL of concentrated H 2 SO 4 (98%) as per the procedure of Naidu et al. [5] . Concentrations of K, Fe and transition metals in the aqueous samples were measured using Agilent technologies 7700 inductively coupled plasma mass spectrometry (ICP-MS). The procedure was repeated in triplicate. The average results are reported in this study. The deviation between the replicated values was lower than 10%.
pH and zeta potential
The effect of pH on sorption at equilibrium condition was investigated by suspending 0.005 g sorbent in a beaker containing 100 mL of 0.06 mmol Rb/L solution with initial solution pH set in the range of pH 3 to 9. The beakers were agitated for 12 h in a flat shaker. The final pH at equilibrium was recorded, which was reported as pH eq .
To investigate the zeta potential of the particle form K(M)FC at equilibrium condition, suspensions of 1 g/L particle form K(M)FC in 100 mL DI water (with initial solution pH set in the range of pH 3 to 9), were agitated for 12 h in a flat shaker. The final pH eq was recorded. The zeta potential was measured by a Zetasizer nano instrument (Nano ZS Zen3600, Malvern, UK) using laser doppler micro-electrophoresis technology that detected the dispersion of K(M)FC particles in solution which was placed in a capillary cell with electrodes. Measurements were done in triplicate (with differences between replicates being less than 5%). Results of the average value were reported.
Scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM/EDX) analysis
The surface and cross sectioned sorbent morphology and element contents before and after Rb sorption were evaluated with scanning electron microscopy (SEM) coupled with energy dispersive X-ray spectroscopy (EDX) operated at 15 kV (Zeiss Supra 55VP Field Emission) as in the procedure of Naidu et al. [5] .
X-ray diffraction (XRD) analysis
XRD patterns were recorded using a Siemens D5000 diffractometer operated with CuKa radiation and a rotating sample stage. The samples (particle form K(M)FC, K(M)FC-PAN and column regenerated K(M)FC-PAN) in powder form were scanned at room temperature in 2ϴ angular range of 10°-80°.
Sorption experiments
Sorption isotherms
Equilibrium sorption experiments were conducted in a set of glass flasks containing 100 mL solutions of 0.06 mmol Rb/L and different doses of particle form K(M)FC sorbents as well as K(M)FC-PAN ranging from 0.03 to 0.50 g/L. The pH value of the solutions was maintained at 7.0 ± 0.5. The suspensions were agitated for 24 h to reach the sorption equilibrium. The supernatant solution was analysed for Rb and K using contrAA ® 300 Analytikjena atomic absorbance spectrometry (AAS). The experiments were duplicated (± 2% difference) and the average values were taken for data analysis. The Rb sorption amount at equilibrium, q e (mmol/g), was calculated using Eq. (1):
where, C 0 and C e are the initial and equilibrium concentration of Rb in the bulk solution (mmol/L), V is volume of solution (L) and M is mass of sorbent (g).
The sorption data were modelled according to Langmuir and Freundlich isotherms based on the model equations presented in another study [5] .
Sorption kinetics
Batch sorption kinetic test was conducted in a set of glass flasks containing 100 mL RbCl (0.06 mmol Rb/L) and sorbent dose 0.05 g/L. The pH value of the solutions was maintained at 7.0 ± 0.5. The suspensions were agitated in a flat shaker and samples were collected at different time intervals up to 48 h and the Rb concentration was measured. The sorption data were analysed using pseudo-first order (PFO) and pseudo-second order (PSO) kinetic models based on the equations presented in another study [5] .
Influence of salinity and co-existing SWRO brine ions on Rb sorption
The influence of salinity on K(M)FC-PAN selectivity towards Rb sorption was studied by varying the salinity from 0. Table 1 . The pH value of the solutions was maintained at 7.0 ± 0.5.
Column experiments
K(M)FC-PAN
Dynamic sorption tests were performed in a fixed-bed column ( (mmol/L) versus effluent time (t, min) (Eq. (2)). It was calculated manually from the breakthrough curves using Microsoft Excel spreadsheet.
Equilibrium uptake, q e (mmol Rb/g), is defined by Eq. (3) as the total amount of adsorbed Rb (q total )
per g of sorbent (M) at the end of the experiment:
Rb desorption and K(M)FC-PAN regeneration
Batch experiment
Potassium chloride (KCl) was used to desorb Rb from K(M)FC-PAN, based on the positive results obtained in our previous study [5] . 
Column experiment
In the column study, upon the complete breakthrough, K(M)FC-PAN was washed with DI water followed by KCl (suitable concentration determined from the batch study) at an upward velocity of 6 m/h. The Rb concentrations in the desorbed solution were measured periodically. Two cycles of K(M)FC-PAN sorption followed by desorption were carried out to establish the sorbent's regeneration capacity.
Purification of Rb from desorbed KCl solution
Resorcinol formaldehyde polycondensate resin (RF resin) was used for the purification of Rb from desorbed K(M)FC-PAN column solution containing up to 0.2 M KCl [18, 19] . For this purpose, HCl was used in the first elution to desorb mainly K and subsequently a higher concentration was used to desorb the strongly sorbed Rb.
3.
Results and discussion
Evaluation of Rb sorption by particle form K(M)FC
The performance of K(M)FC sorbent for selective Rb sorption capacity was evaluated. The sorption study was carried out with an initial 0.06 mmol Rb/L for a viable analysis detection limit.
Correspondingly, higher molar ratios of competition ions (Ca, K, and Na) were used, emulating the conditions of SWRO brines.
Chemical composition
The with Ni combination having the highest K content (Table 2) . A number of K(M)FC studies on Cs sorption relate the major part of the K content of the sorbent to its sorption capacity due to the exchange between K and Cs [22] . This potentially suggests that Rb sorption capacity of the sorbent would be in the order of KNiFC > KCuFC > KCoFC > KFeFC if all the K in the structure are exchanged with Rb.
Surface potential
Surface potential of sorbent is an important contributing factor that correlates to the sorbent uptake affinity for ions. An increased negative potential on the sorbent is expected to increase the sorption capacity of positively charged ions such as Rb by electrostatic adsorption (outer sphere complexation). The surface potential of K(M)FC was investigated with zeta potential analysis in the pH range from 3 to 9 (Fig. 2) . KCuFC displayed the highest negative surface potential (-30 to in KFeFC structure which resulted from the use of FeCl 3 to produce this sorbent.
XRD analysis
It is a well-established fact that sorption capacity and mechanisms depend on the crystal structure of the sorbent. For this purpose, the X-ray diffraction peaks of the different K(M)FC were analysed as shown in Fig. S1 . The different metal K(M)FC's showed a similar general crystal characteristic pattern with three major peaks at 2ϴ positions: 17-18, 24-25, and 35-36. These peak patterns were consistent with other studies on potassium metal hexacyanoferrate that described the crystal structure to be face-centred cubic [11, 14, 21] .
Rb sorption isotherm
Rb sorption isotherm was carried out at pH eq of 7.0 ± 0.5 with the different K(M)FC combinations. The different K(M)FC isotherm data fitted well to both Langmuir and Freundlich models (R 2 = 0.89 to 0.98) (Fig. 3 and Table 3 [8] . Hence the exchangeable structural K content as well as the high negative surface charge inferred from the high negative surface potential (Fig. 2) could be the reason for the higher Rb sorptivity of KCuFC (Table 3 ) compared to the predicted higher sorptivity of KNiFC based on its higher total structural K content ( Table 2) . Naturally KFeFC with the lowest exchangeable structural K content and having positive surface potential resulted in the lowest Rb sorptive capacity. Although the results of this study exhibit that the different metals do play a role in influencing Rb sorption capacity of K(M)FC, more in-depth evaluation need to be carried out to explicitly describe the role of metals here. In line with the high sorptivity of KCuFC towards Rb, a few studies have highlighted high Cs sorption capacity with KCuFC compared to other transition metals [8, 23] . Based on these results, further studies were conducted with K(M)FC containing Cu transition metal, KCuFC.
Evaluation of Rb sorption with bead form KCuFC (KCuFC-PAN)
To overcome the limitation of micro crystalline sorbent application in filter columns, KCuFC was encapsulated with PAN polymer (Fig. 1) , to obtain bead form KCuFC-PAN. In this section, the characterisation and performance of bead form KCuFC-PAN for Rb extraction is presented.
Surface characteristics of KCuFC-PAN (SEM-EDX)
The surface and cross sectional SEM images showed the porous and rough morphology appearance of KCuFC-PAN (Fig. 4a) . After Rb sorption, no significant morphological changes were observed (Fig. 4b) . The EDX revealed the predominant presence of K, Fe, and Cu peaks, well representing the elemental constituents of KCuFC (Fig. 4c) and the EDX element mapping (Fig. 4a   & 4b) established the homogenous distribution of the elements across the bead structure. Upon Rb sorption, a peak of Rb was observed in the EDX spectra with a reduction of K peak intensity, suggesting the sorption of Rb with the exchange of K (Fig. 4c) . Consistent with this, the K/Fe atomic ratio (0.9) of original KCuFC-PAN reduced to 0.5 with Rb sorption. Meanwhile, minimal difference was observed for the Cu/Fe atomic ratio between the original and the Rb sorbed KCuFC-PAN, suggesting that the Cu metal was not involved in the Rb sorption and exchange mechanism.
XRD analysis of KCuFC-PAN
The encapsulated KCuFC-PAN showed similar XRD peak pattern to particle form KCuFC, indicating that both KCuFC-PAN and particle form KCuFC had the same crystal structure (Fig. 5) This established that the encapsulation did not change the crystal structure. Similarly, Nilchi et al.
[24] observed matching XRD patterns for KCoFC in particle and encapsulated forms and concluded that they had the same crystal structure. Du et al. [10] reported on the XRD pattern of KNiFC-PAN, which showed similar peak patterns to KNiFC particle in Fig. S1 , validating that the organic polymer encapsulation did not change the crystal structure of the sorbent.
Influence of pH on KCuFC-PAN
Maximum Rb sorption capacity was achieved at the range of pH eq 6 to 8 with KCuFC-PAN (Fig. 6) . One reason for the increase in sorption at this pH range compared to that at lower pH values could be related to the increase in electrostatic sorption (outer sphere complexation) resulting from the increased negative zeta potential (Fig. 2) as explained by Naidu et al. [5] . The other reason is that there was competition for Rb sorption from the high concentration of protons (H + ) at low pH. The high sorption capacity around pH 6-8 is an advantage in using KCuFC-PAN as a sorbent in removing
Rb from SWRO brine which generally is in this pH range. All further experiments were carried out at pH eq 7.0 ± 0.5.
Equilibrium isotherm and kinetics of KCuFC-PAN
The Rb sorption with KCuFC-PAN fitted very well to Langmuir and Freundlich models (R 2 = 0.98 and 0.89, respectively) (Fig. 7a) . KCuFC-PAN achieved a slightly lower Rb sorption (Langmuir Q max =1.23 mmol/g,) compared to KCuFC particles (Langmuir Q max = 1.68 mmol/g) ( Table 3) Rb sorption capacity of KCuFC-PAN increased with time, achieving a maximum sorption within 15 h (900 min) (Fig. 7b) . The data fitted well to the PFO model (R (Fig. 7b) . Therefore the PSO is a better model for use in describing the kinetics of Rb sorption by KCuFC-PAN. In correspondence with Rb sorption, K release was detected throughout the entire duration of sorption confirming the Rb sorption mechanism of ion exchange of Rb with structural K. In contrast, Cu and Fe releases were not detected, indicating the mechanical stability of bead form KCuFC-PAN. Rb (1.48 Å) diffused into the pore/cavities of the beads containing KCuFC particles and easily displaced K (1.33 Å) from the lattice due to their similar sizes (Table 4) as reported in previous studies [5, 14, 25] . In addition to this mechanism of ion exchange inside the crystal structure, Rb would have also sorbed on the negatively charged surface of KCuFC.
KCuFC-PAN performance in the presence of SWRO brine ions
KCuFC-PAN performed well as a sorbent for Rb in the presence of salinity (0.5 to 2.5 M NaCl) with only a 12-30% reduction of Rb sorption (Fig. 8a) . The percentage reduction increased with NaCl concentration. Other studies have also shown similar trends [11, 26] . The presence of Na did not significantly affect the Rb sorption in spite of the relatively much higher Na concentration (10,000 times and more) than that of Rb. This was associated with the higher hydrated ionic radius of Na making it less attractive to the sorbent surface [5] and the inability of Na to exchange with structural K inside the KCuFC lattice as Rb does, which contributes to the selectivity of the sorbent for Rb (Table 4) . Most importantly, these results demonstrated the suitability of KCuFC-PAN application for selective Rb sorption in highly saline conditions such as SWRO brine.
The presence of other alkali metals, namely Li and Cs spiked at molar concentration representing SWRO brine, minimally affected Rb sorption capacity of KCuFC-PAN (Fig. 8b) . Only 2-3% reduction of Rb sorption (0.06 mmol/L) was observed in the presence of Li (molar Rb:Li = 1: 21). The minimal influence of Li could be related to its inability to exchange with structural K and higher hydrated radius (Li = 3.40-4.70 Å) that makes the Li difficult to compete with Rb.
Potentially, a significant competition could occur between Rb and Cs due to it similar hydrated radius for surface sorption and similar unhydrated radius for exchangeability with structural K [5] ( Table 4) . However, at a significantly low concentration in the Rb:Cs molar ratio = 1:0.001 (as present in SWRO brine), Cs would not affect the sorption of Rb in KCuFC-PAN.
Meanwhile, at a Rb:K molar ratio = 1:7700, a significant Rb sorption reduction of 65-70%
was observed (Fig. 8b) . Similarly, other studies on Cs sorption have observed stronger competition of K with Cs compared to Na. This was explained to be due to the similar hydrated radius which determines surface sorption and similar unhydrated radius which controls the exchange within the crystal lattice of K and Cs compared to Na and Cs [26] .
Generally, Rb sorption was not significantly affected by the presence of Ca ions, despite Ca ions having higher charge (divalent) than Rb (monovalent), due to the larger size of the hydrated Ca (Table 4) as observed in a number of studies [12, 27] and the inability of Ca to exchange with structural K [5] . However at high Ca concentration, representing the Rb:Ca = 1:14,700 molarity in SWRO brine, a 15-18% Rb sorption reduction was observed. This could be related to non-specific surface sorption where the concentrations of ions determine the competition of ions for sorption [28] .
In a simulated SWRO brine solution (containing dominant ions of SWRO brine), a 80-85%
Rb sorption capacity reduction was observed. Based on the individual solution competition results, the significant sorption capacity reduction in the simulated SWRO brine could be attributed predominantly to the presence of K and minimally to the other ions. These results reflect that the presence of K in SWRO brine must be removed to ensure an efficient performance of KCuFC for Rb sorption. Alternatively, further sorbent enhancement to increase the capacity of KCuFC-PAN could be carried out. For instance, Lin et al. [29] showed substantially high Cs removal capacity in seawater containing K using modified KCuFC with mesoporus silica. 
Rb desorption and regeneration of KCuFC-PAN
KCuFC-PAN batch desorption
Different concentrations of KCl ranging from 0.1 M to 1.0 M were used to desorb Rb from KCuFC-PAN (Fig. 10) . A 70% desorption was achieved with 0.1 M KCl. From 0.2 M KCl onwards, it was possible to achieve more than 90% desorption. Based on these results, 0.2 M KCl was selected to desorb Rb from KCuFC-PAN in the column.
KCuFC-PAN column desorption and regeneration
Rb was eluted from the Rb-saturated KCuFC-PAN sorbent in the column using 0.2 M KCl at a velocity of 6 m/h with 480 BV achieving a 95% recovery ( Table 5) . It is important to highlight that KCuFC-PAN retained most of the sorbent material, as such the desorbed solution predominantly contained Rb (1.20 mmol/L) and 0.2 M KCl with traces of Fe and Cu. These evidently highlights that the encapsulation of KCuFC with PAN mitigated the issue of sorbent material losses. Comparatively, our recent study using particle form KCoFC detected around 0.04 mmol/L of Fe and Co from the column effluent with poor regenerative capacity [31] . On the other hand, KCuFC-PAN showed good regeneration capacity. In the second cycle, a sorption capacity of 0.85 mmol/g was achieved with a 92% desorption (Fig. 9 and Table 5 ). Though the sorption capacity decreased to 0.85 mmol/g in the second cycle it was still much higher than that of many other sorbents such as several ion exchange resins, zirconium phosphate and ammonium molybdophosphate [1, 13] .
The XRD analysis showed no structural changes to the regenerated KCuFC-PAN compared to the original KCuFC-PAN (Fig. 5) . At the same time, the chemical stoichiometry showed that the regenerated KCuFC-PAN contained similar metal contents to the original KCuFC-PAN (Table 6) supporting the detection of only traces of metal ions in the desorbed solution (Table 5) . However, evident reduction of K contents by 25% was observed in the regenerated KCuFC-PAN, indicating that the reduction of K in the regenerated KCuFC-PAN contributed to the reduced Rb sorption capacity in the second column cycle.
The column results are based on complete sorption/desorption up to C t /C 0 = 1. In this context, it is worth highlighting that the majority of sorption/desorption in the column occurred within C t /C 0 = 0.4 to 0.5. As such, on a practical plant operation, the column could be terminated by C t /C 0 = 0.4 to 0.5. Most importantly, the desorbed solution had approximately 20 times concentrated Rb compared to the influent concentration.
Overall, the two cycles established the good performance capacity of KCuFC-PAN in a column operation and indicated its fairly satisfactory regenerative capacity. Batch studies were conducted with 0.06 mmol Rb/L and KCuFC dose of 0.2 g/L for 5 cycles of sorption and desorption (0.2 M KCl), and the sorption capacity was observed to decrease by up to 30% (Table S1 ). In view of the lower sorption capacity in multiple cycles, a further KCuFC-PAN column study with multiple sorption/desorption cycles must be carried out to establish the economic efficiency of KCuFC-PAN's regenerative capacity for its reuse.
Rb purification using RF resin
The H + form RF resin consists of phenolic hydroxide (OH) group as the functional group.
The phenol OH in the RF resin was converted to the ionised potassium phenoxide group (O-K   +   ) under alkaline condition using 1 M KOH. Rb uptake by RF resin in the presence of K is governed by replacing K in the resin (R is the resorcinol formaldehyde polymer) as shown below [32] :
The batch study showed that the RF resin was able to achieve a Langmuir maximum Rb sorption capacity of 0.23 mmol/g (Fig. S2) .
The treatment of the desorbed solution (1.20 mmol/L Rb and 0.2 M KCl) was carried out using the RF resin column. The RF resin reached saturation with Rb and achieved a Rb sorption capacity of 0.17 mmol/g at 83 BV (90 mins) (Fig. 11a) . A sequential desorption was carried out at a flow rate of 5 m/h using 0.1 M HCl (115 ml) on the Rb saturated RF to firstly desorb the K from the resin followed by further desorption with 1.0 M HCl (230 ml), to desorb Rb, the order of desorption being in accordance with the higher sorption affinity of Rb than K [18, 32] . A 97% Rb desorption was achieved with a 68% recovery of the desorbed Rb in purified form from 60 to100 BV (Fig. 11b) .
Conclusions
The following conclusions were obtained from the study:
• • Rb was selectively separated from K in the desorbed solution, using RF resin in a fixed-bed column and a sequential HCl desorption, producing 68% of purified Rb.
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• The approach of Rb sorption with KCuFC-PAN and purification with RF resin demonstrated in this study provides useful information for its potential application in extracting Rb from SWRO brine. Nevertheless, a number of factors must be still evaluated for a full practical implementation of Rb sorption from SWRO brine. In light of this, technology integration such as membrane distillation to increase the Rb concentration in SWRO brine prior to sorption would be beneficial to increase the efficiency of Rb extraction by KCuFC-PAN in SWRO brine. Table 1 Solution composition used in the study of competitive sorption of Rb in the presence of main elements in SWRO brine. Table 2 Chemical stoichiometric composition of particle form K(M)FC.
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